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SPECIFICATION 



CATALYST FOR HYDROFINING AND METHOD FOR PREPARATION THEREOF 



The present invention relates to a catalyst used in 
hydroref ining of hydrocarbons, such as petroleum fractions, 
and a method of producing the same, and particularly relates 
to a catalyst used in hydrodemetallization of heavy fractions 
and residue of various types that are obtained by normal- 
pressure distillation or reduced-pressure distillation of 
heavy oils, such as crude oil, tar sand, shale oil, coal 
liquefaction oil. 



Heavy oil, such as residue from normal-pressure 
distillation or reduced-pressure distillation residue, 
comprises a high metal content of nickel, vanadium, etc. 
This metal content poisons hydroref ining catalysts for 
desulf urization, denitrif ication, cracking, etc., and reduces 
their catalytic activity and, therefore, is pre-treated with 
hydroref ining catalysts for the purpose of demetallization 
(also referred to hereafter as demetallizing catalysts). 

It is known that although these demetallizing catalysts 
have the same median pore diameter and support the same 
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active metal species, there are considerable differences in 
their demetallizing activity and metal deposition capacity 
(amount of metal that can deposit inside the pores until the 
catalyst loses activity). This appears to be due to the fact 
that there are differences in pore diameter distribution and 
catalyst structure in other ways. For example, when a 
catalyst having a pore volume almost all of which is pores 
with a pore diameter of 60 nm or smaller is used as a 
demetallizing catalyst, demetallizing activity is high- but 
large amounts of metal deposit around the pore inlets and 
metal deposition capacity is reduced because the pore inlets 
are clogged. In contrast to this, when a catalyst (bimodal 
catalyst) having a pore group with a pore diameter of 60 nm 
or smaller (mesopores) and a pore group whose pore diameter 
exceeds 60 nm (macropores) is used, metal deposition capacity 
can be increased, but there is a relative drop in 
demetallizing activity . 

Japanese Patent Publication No. 60-49135 (Rhdne-Poulenc 
Industries) and Japanese Patent Application Laid-open No. 6- 
88081 (Texaco Development Corporation) are known as 
conventional bimodal catalysts of this type. Nevertheless, 
in reference to the present invention, although the former 
discloses a spherical carrier, there is no mention whatsoever 
of the catalyst being used for a demetallization reaction. 
The latter reference tells of a carrier with a total pore 
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volume of 0.5 to 0*8 cmVg, but metal deposition capacity of 
this catalyst is not high. 

That is, a hydroref ining catalyst with both a high 
demetallizing activity and a high metal deposition capacity 
has not existed in the past. 



hydroref ining catalyst with both high demetallizing activity 
and high metal deposition capacity, and a method of producing 
the same. 

In accordance with the first aspect of the present 
invention, a hydroref ining catalyst is provided comprising a 
hydrogenation active metal component supported on a 
refractory porous carrier, wherein median pore diameter 
determined by the nitrogen adsorption method is 8 to 20 nm, 
pore volume determined by a nitrogen adsorption method is 
0.56 cmVg or greater, and pore volume of pores with a pore 
diameter of 5 0 nm or larger determined by a mercury intrusion 
porosimetry method is 0.3 2 cmVg or greater. 



Both the demetallizing activity and metal deposition 
capacity of the hydroref ining catalyst of the present 
invention for hydroref ining, particularly 

hydrodemetallization, can be increased by bringing the median 
pore diameter, pore volume of pores (pores having a pore 
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diameter of approximately 60 nm or smaller) determined by the 
nitrogen adsorption method, and pore volume of pores that 
were determined by the mercury intrusion porosimetry method 
and that have a pore diameter exceeding 50 nm to values 
within the above-mentioned prescribed ranges. As a result , 
long-term retention of a high metal content removal 
percentage is possible. For instance, it was clarified that 
the hydroref ining catalyst of the present invention has a 
high effective amourrt of metal deposition of 7 0 g or more per 
100 g fresh catalyst under conditions defined later. The 
catalyst of the present invention is particularly suitable 
for demetallizing or deasphaltening of heavy oil. 

It is preferred that the hydroref ining catalyst of the 
present invention have a pore volume determined by the 
mercury intrusion porosimetry method of 0.87 crnVg or greater 
so that it will have even better demetallizing activity. 
Moreover, in order to obtain sufficient mechanical strength, 
the hydroref ining catalyst should have a pore volume of pores 
of 0.2 crnVg or greater which is determined by the mercury 
intrusion porosimetry method and having a pore diameter of 
1,000 nm or larger. In addition, bulk density can be brought 
to 0.52 crnVg or less because the catalyst of the present 
invention has high demetallizing activity. As a result, it 
is possible to reduce the load on the reaction vessel in 
which the catalyst has been packed and the durability of the 
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reaction vessel can therefore be improved , even if 
differential pressure is somewhat high. 

The hydroref ining catalyst of the present invention may 
comprise 2 to 6 wt% molybdenum and 0.5 to 2 wt% nickel or 
cobalt , as hydrogenation active metal components. The 
hydroref ining catalyst of the present invention may further 
comprise 0.5 to 1.5 wt% phosphorus or boron. 

In accordance with a second aspect of the present 
invention- a method of producing a hydroref ining catalyst is 
provided comprising the steps of kneading a porous starting 
powder whose main component is y -alumina and which has a 
pore volume of 0.75 cm 3 g/or greater and an mean particle 
diameter of 10 to 200 fim to prepare a kneaded product; 
molding and calcining said kneaded product; and supporting 
active metal component on the kneaded product or on the 
kneaded product after calcining. With the method of the 
present invention, since a porous powder that comprises y - 

alumina powder as its main component and has the above- 
mentioned prescribed pore volume and mean particle diameter 
is used as the starting material, it is possible to easily 
produce at a low cost a hydroref ining catalyst with both a 
high demetallizing activity and a high metal deposition 
capacity and a catalyst carrier used by the same. 

In this text, the term " y -alumina as the main 
component" means that 7 0 wt% or more of the starting powder 
is 7 -alumina. The remainder may be, for instance, boehmite, 
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such as pseudoboehmite, etc. In order to improve the 
demetallizing activity and metal deposition capacity of the 
catalyst even further, it is preferred that 90 wt% or more, 

particularly 95 wt% or more, of the starting powder be 7- 

alumina. It is further preferred that approximately 100% of 

the starting powder be y -alumina powder. The term "y- 

alumina" in the present text means transition alumina with 

peaks at 2 0= 4 6° and 6 7° in X-ray diffraction at a wavelength 

of 0.154 run. Preferably , y -alumina is prepared by calcining 

boehmite powder. The boehmite powder in the present 
specification means a boehmite or pseudoboehmite powder. 
Furthermore, pseudoboehmite is an a -alumina hydrate with 

excess water molecules in the crystals and is represented by 
A1 2 0 3 * XH 2 0, with X being 1 or more and less than 2. 

In terms of molding cost and the high percentage of void 
of the catalyst carrier, it is preferred that molding be 
performed by, for instance, extrusion molding using a molding 
device in the method of producing a hydroref ining catalyst of 
the present invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a table showing the properties of catalysts 
that were made in the examples and comparative examples 
(Table 1-A) . 
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Fig. 2 is a table showing the properties of catalysts 
that were made in the examples and comparative examples 
(Table 1-B) . 

Fig. 3 is a graph showing changes in the demetallizing 
rate with an increase in the amount of metal deposition of 
catalysts that were prepared in the examples and comparative 
examples . 

Fig. 4 is a graph showing changes in the deasphaltening 
rate with an increase in the amount cf metal deposition of 
catalysts that were prepared in the examples and comparative 
examples . 

BEST MODE FOR CARRYING OUT THE INVENTION 

The hydroref ining catalyst and method of producing the 
same will now be exemplified below: 

i) Median pore diameter, pore volume and specific surface 
area of the catalyst 

The median pore diameter of the hydroref ining catalyst 
of the present invention with pores having a pore diameter 
determined by the nitrogen adsorption method of 1.8 to 60 nm 
for instance, is 8 nm or larger, 8 to 2 0 nm for instance, 
preferably 8 to 15 nm, particularly preferably 8 to 13 nm. 
Pore volume of the hydroref ining catalyst of the present 
invention with pores having a pore diameter determined by the 
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nitrogen adsorption method of 1.8 to 60 nm, for instance, is 
0.56 cmVg or greater , preferably 0.56 to 1.0 cm 3 /g, 
particularly preferably 0.56 to 0.8 cmVg, and even more 
preferably, 0.62 to 0.8 cmVg. The specific surface area of 
the catalyst of the present invention is 150 m 2 /g or greater, 
preferably 170 to 300 m 2 /g, particularly 180 to 280 m 2 /g. 
The above-mentioned median pore diameter, pore volume and 
specific surface area are determined by the nitrogen 
adsorption method. Median pore diameter can be determined by 
a method wherein: nitrogen gas absorbed during nitrogen gas 
desorption under conditions of a relative pressure of 0.967 
is converted into a volume of liquid, which is treated as 
pore volume (V); and from the correlation between the pore 
volume and pore diameter calculated by the BJH method, a pore 
diameter with which cumulative pore volume cumulated from the 
larger pore diameters reaches a half (2/V) of the pore volume 
(V) is determined as the median pore diameter is. The pore 
distribution of a pore diameter of approximately 2 to 60 nm 
can be determined by the nitrogen adsorption method. The BJH 
method is disclosed in the Journal of the American Chemical 
Society, vol. 73, p. 373 - (1951). 

The pore volume of pores determined by the mercury 
intrusion porosimetry method of the hydroref ining catalyst of 
the present invention is 0.87 cmVg or higher, preferably 
0 . 8^7__J^o_J^J_cm 3 /g, particularly 0.88 to 1.05 cm 3 /g. 
Moreover, of the pores determined by the mercury intrusion 
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porosimetry method, the pore volume of pores with a pore 
diameter of 1,000 nm or larger is preferably 0.2 cmVg or 
less. Determination by the mercury intrusion porosimetry 
method was performed within a range of 2 to 4,225 kg/cm 2 
(30.4 to 60,000 psia), with the contact angle of mercury 
being 140° and surface tension being 480 dyne/cm. 

In the present invention, both the nitrogen adsorption 
method and mercury intrusion porosimetry method are used to 
determine pore volume for the following reasons z The former 
method can only determine pore volume of pores with a 
relatively small pore diameter of approximately 60 nm or less 
because the amount of nitrogen adsorbed on the pore walls is 
determined, while the latter method can determine pores with 
a pore diameter over a wide range of several nm or larger 
because the volume of mercury packed inside the pores is 
determined . 

ii) Bulk density of catalyst 

It is preferred that bulk density of the catalyst of the 
present invention be 0.52 cmVg or less, particularly 0.40 to 
0.52 cmVg, and more particularly 0.42 to 0.52 cmVg. If the 
bulk density exceeds 0.52 cmVg, there will be a relative 
reduction in demetallizing performance. Bulk density of the 
catalyst carrier used to obtain the catalyst of the present 
invention is preferably 0.50 cmVg or less, and more 
preferably 0.35 to 0.50 cmVg. Bulk density can be found 
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from apparent volume after packing a catalyst or carrier in a 
100 cm 3 graduated cylinder and shaking 100 times. 

iii) Refractory porous carrier 

The preferred carrier of the catalyst of the present 
invention can be prepared by kneading a porous starting 

powder whose main component is y -alumina, pore volume is 

0.7 5 cm 3 /g or greater, and mean pore diameter is 10 to 2 00 

and then molding and calcining this kneaded product. The y - 

alumina carrier is preferably contained in the catalist in 70 
wt% or more, particularly 80 wt% or more catalyst weight. 
This catalyst can comprise silica-alumina, zeolite, boria, 
titania, zirconia, magnesia and other compound oxides in 

addition to the y -alumina. y -alumina is used as the main 

component because high activity is produced from the catalyst 

with a carrier made of y -alumina. 

The porous starting powder used to produce the carrier 

preferably has y -alumina as the main component, a pore 

volume of 0.7 5 cm 3 /g or greater, particularly 0.9 to 1.3 
cm 3 /g, and a mean particle diameter of 10 to 200 jjm, 
particularly 10 to 150 ]jm, more particularly 30 to 150 jim. 
The value of pore volume used here can be determined as the 
value of volume to which the amount of nitrogen gas adsorbed 
under conditions of a relative pressure of 0.967 during 
desorption of nitrogen gas is converted as liquid. The mean 
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particle diameter used here can be determined as the median 
diameter of particle diameter distribution as determined by 
the wet laser light scattering method. 

When a starting powder with a pore volume under 0.75 
cm 3 /g or a mean particle diameter under 10 pim is used, 
plasticity of the kneaded product will be poor, and when this 
is molded, defects will be made in the structure of the 
molded article and abrasion resistance of the catalyst will 
drop. When this type of catalyst is packed in a reaction 
vessel, it will form a powder when it is packed and the voids 
in the catalyst will be buried, leading to an increase in 
differential pressure. If a starting powder whose mean 
particle diameter exceeds 200 jjm is used, rupture strength of 
the catalyst will become weaker and once it is packed in the 
reaction vessel it will rupture under the load of the 
catalyst itself. 

This starting powder can comprise silica-alumina, 
zeolite, boria, titanium, zirconia, magnesia or other 
compound oxides, but it is preferred that 70% or more, 
particularly 80% or more, of the starting powder in terms of 

the weight of the carrier be y -alumina. It is preferred 

that the median particle diameter of pore distribution with a 
pore diameter of 2 to 60 nm is 8 to 15 nm and the specific 
surface area is 230 to 330 m 2 /g in order to obtain high 
catalytic activity. It is preferred that the y -alumina that 
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is the main component of the starting powder be 
pseudoboehmite powder that has been calcined at 450 to 460°C. 

iv) Kneading 

Kneading can be performed by a kneading device that is 
generally used in catalyst preparation. As a preferred 
method, water is added to the above-mentioned powder and then 
mixed with mixing blades . Water is usually added during 
kneading, but an alcohol or ketone may also be used. 
Moreover, an acid such as nitric acid, acetic acid, formic 
acid, etc., a base such as ammonia, etc., organic compounds, 
surfactants, active components, etc., may also be used. It 
is particularly preferred that a binder component consisting 
of an organic compound such as water-soluble cellulose 
acetate, etc., be added at 0.2 to 5 wt% per starting powder. 
The kneading time and kneading temperature can be selected as 
needed, but it is preferred that kneading be performed until 
height (hereinafter referred to as PF value) goes from 15 mm 
to 25 mm when the kneaded product is made into a cylindrical 
sample with a diameter of 33 mm and height of 40 mm and is 
then deformed by dropping a disk weighing 1,192 g (diameter 
of 120 mm, height of 7.5 mm) onto the cylindrical sample from 
a height of 186 mm from the base of the sample (Pfefferkorn 
plasticity tester; Ceramic Production Process: Powder 
Preparation and Molding, Ceramic Society of Japan Editorial 
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Committee Lecture Subcomittee, editors , Ceramic Society of 
Japan , 1984). 

v) Molding and calcining 

Molding can be easily performed to pellet-shaped, 
honeycomb-shaped, etc., using a device such as a plunger-type 
extruder, screw-type extruder, etc. A plunger-type extruder 
is ideal for the present invention. A molded article in the 
shape of a cylinder, hollow cylinder, column whose cross 
section has 3 or 4 lobes, etc., with a diameter of usually 
0.5 to 6 mm, particularly 0.5 to 5 mm, is used. After 
molding, it is preferred that the molded article be dried at 
normal temperature to 150°C, particularly 100 to 140°C, an , 
and then calcined at 350 to 900°C for 0.5 hour or longer, 
particularly 500 to 850°C for 0.5 to 5 hours. 

vi) Hydrogenation active metal component 

One or a combination of 2 or more from among elements of 
Group 6, Group 8, Group 9 and Group 10 of the Periodic Table, 
particularly molybdenum, tungsten, nickel and cobalt, is 
preferable. as the hydrogenation active metal component. It 
is preferred that these elements be contained in the catalyst 
in the form of a metal, oxide, or sulfide. The content of 
these elements in the entire catalyst should be within a 
range of 0.1 wt% to 20 wt%, particularly a range of 1 wt% to 
10 wt%, as the total metal weight. 
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The support method/ blending method, etc., can be used 
as the method by which the hydrogenation active component is 
contained in the catalyst. Demetallizing activity can be 
raised when at least one hydrogenation active metal component 
is added by blending. The blending method can be the method 
whereby the hydrogenation active component is pre-contained 
in the starting powder or the method whereby the 
hydrogenation active metal component is kneaded and blended 
with the starting powder. 

Moreover, the hydrogenation active metal component can 
also be supported on the catalyst carrier, and conventional 
means of impregnation that are usually used, such as the 
pore-filling method, the heating impregnation method, the 
vacuum impregnation method, etc., immersion, etc., can be 
used as the support method. Once the metal component has 
been supported, it is preferred that the product be dried for 
10 minutes to 24 hours at a temperature of 80 to 200°C, and 
calcined for 15 minutes to 10 hours at a temperature of 4 00 
to 600°C, particularly 450 to 550°C. 

vii) Other active components 

It is preferred that 0.1 wt% to 20 wt%, particularly 0.2 
wt% to 5 wt%, more particularly, 0.5 wt% to 1.5 wt%, oxide of 
phosphorus and/or boron be added to the catalyst of the 
present invention in terms of element weight. As a result, 
demetallizing activity will be improved. 
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viii) Subjects of hydroref ining 

The catalyst of the present invention is ideal for use 
on heavy oil comprising fractions with a boiling point of 
350°C or higher, that is, various heavy fractions and residue 
obtained by normal-pressure distillation or reduced-pressure 
distillation of crude oil, tar sand, shale oil, petroleum 
liquefaction oil, etc., and heavy oil obtained by their 
cracking , isomer izat ion , modification , solvent extraction , 
etc. It is particularly ideal for treatment of heavy oils 
with a high metal content, such as reduced-pressure residue, 
normal-pressure residue, etc., in the concrete, heavy oil 
containing nickel or vanadium, etc., as the metal component 
at 4 5 ppm by weight or more, particularly 50 ppm by weight or 
more, further, 60 ppm by weight or more, in terms of metal 
weight. In addition, the catalyst of the present invention 
is ideal for treatment of heavy oil containing 3% or more 
asphaltene component. A typical method of determining the 
asphaltene content is provided in Code of the U.S. Bureau of 
Mines (Anal. Chem., vol. 20, p 460 -, (1968)). 

ix) Hydrogenation conditions 

Preferable conditions for bydroref ining heavy oil using 
the catalyst of the present invention are a reaction 
temperature of 300 to 450°C, a hydrogen partial pressure of 
3 0 to 250 kg/cm 2 , a liquid space velocity of 0.1 to 10 hr" 1 , a 
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hydrogen: heavy oil ratio of 100 to 4,000 L/L, and more 
preferably, a reaction temperature of 350 to 4 2 0°C, a 
hydrogen partial pressure of 80 to 200 kg/cm 2 , a liquid space 
velocity of 0.15 to 1,0 hr" 1 , and a hydrogen : heavy oil ratio 
of 500 to 1,000 L/L. 

Crude oil demetallizing activity tests using the 
hydroref ining catalyst and method of producing a 
hydroref ining catalyst of the present invention will now be 
explained specifically using examples and comparative 
examples . 

(1) Preparation of catalyst 
Example 1 

[Preparation of catalyst 3056] 

Powder G consisting of y -alumina was made by calcining 

powder A consisting of commercial pseudoboehmite at 600°C. 
Properties of this powder G were a mean particle diameter of 
101 jum, a specific surface area of 268 m 2 /g, a pore volume of 
1.01 cmVg, and a median pore diameter of 12 nm. The pore 
properties shown here were determined using the model ASAP 
2400 determination device of Micromeritics . Mean particle 
diameter was determined by the wet method using the Microtrac 
Particle Diameter Analyzer of Nikkiso Co., Ltd. This 
analyzer analyzes particle diameter from forward scattering 
of light when a sample is dispersed in water and irradiated 
with light. 
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Then 2,058 g ion-exchanged water and 15 g water-soluble 
cellulose ether were added to 1,500 g powder G that was 
obtained and kneaded. Using a screw- type extrusion molding 
device, the kneaded product was extruded from a round opening 
with a diameter of 1.6 mm to make a cylindrical molded 
article. This molded product was dried for 15 hours at 13 0°C 
using a dryer and then calcined for 1 hour at 800°C under an 
air current to make the carrier. 

This carrier was impregnated v/ith a liquid for 
supporting active component consisting of aqueous ammonium 
molybdate solution by the spray method. After drying for 2 0 
hours at 130°C, the product was again impregnated with a 
liquid for supporting active component consisting of aqueous 
nickel nitrate solution by the spray method and dried for 20 
hours at 130°C and calcined for 25 minutes at 450°C under an 
air current to prepare catalyst 3056 containing 3.0 wt% 
molybdenum and 1.0 wt% nickel. 

Example 2 

[Preparation of catalyst 3066] 

First, 2,177 g ion-exchanged water and 15 g water- 
soluble cellulose ether were added to 1,500 g powder G 
prepared in Example 1 and kneaded. This was kneaded until 
the PF value became 20 mm. Then the product was molded using 
a plunger-type extrusion molding device and calcined under 
the same conditions as in Example 1 to obtain the carrier. 
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The carrier that was obtained was impregnated with liquid for 
supporting active component consisting of an aqueous solution 
of ammonium molybdate, nickel nitrate and phosphoric acid by 
the spray method. The product was dried for 20 hours at 
130°C and calcined for 25 minutes at 450°C under an air 
current to prepare catalyst 3066 containing 3.0 wt% 
molybdenum, 1.0 wt% nickel and 0.6 wt% phosphorus. 

Example 3 

[Preparation of catalyst 3070] 

A carrier prepared as in Example 1 was impregnated with 
liquid for supporting active component consisting of an 
aqueous solution of ammonium molybdate and boric acid by the 
spray method and dried for 20 hours at 130°C. It was then 
re- impregnated with a liquid for supporting active component 
consisting of aqueous nickel nitrate solution by the spray 
method, dried for 20 hours at 13 0°C, and then calcined for 25 
minutes at 450°C under an air current to prepare catalyst 
3070 containing 3.0 wt% molybdenum, 1.0 wt% nickel and 1.0 
wt% boron. 

Example 4 

[Preparation of catalyst 3057] 

First, 2,062 g aqueous ammonium molybdate solution and 7 
g water-soluble cellulose ether were added to 1,500 g powder 
G and kneaded. Then the kneaded product was extruded from a 
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round opening with a diameter of 1.6 mm using a screw-type 
extrusion molding device to make a cylindrical molded 
product. This molded product was dried for 15 hours at 130°C 
using a dryer and calcined for 1 hour at 600°C under an air 
current to obtain a catalyst. 

This carrier was impregnated with liquid for supporting 
active component consisting of an aqueous nickel nitrate 
solution by the spray method. The product was dried for 20 
hoars at 130°C and calcined for 25 minutes at 450°C under an 
air current to prepare catalyst 3057 containing 3.0 wt% 
molybdenum and 1.0 wt% nickel. 

Example 5 

[Preparation of Catalyst 3058] 

Other than the fact that a carrier was obtained by 
calcining the molded product after drying for 1 hour at 800°C 
under an air current, a catalyst was prepared as in Example 4 
to obtain catalyst 3058 containing 3.0 wt% molybdenum and 1.0 
wt% nickel. 

Example 6 

[Preparation of Catalyst 3009] 

Powder B consisting of commercial pseudoboehmite was 

calcined at 600°C to make powder H consisting of y -alumina. 

The properties of this powder H were a mean particle diameter 
of 12 jjm, specific surface area of 236 m 2 /g, pore volume of 
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0.82 cmVg/ and median pore diameter of 12 nm. Then 1,627 g 
ion-exchanged water were added to 1,137 g powder H and 363 g 
powder E consisting of pseudoboehmite and kneading was 
performed. The kneaded product was extruded from a round 
opening with a diameter of 1.6 mm using a screw-type 
extrusion molding device to obtain a cylindrical molded 
product. This molded product was dried for 15 hours at 13 0°C 
using a dryer and calcined for 1 hour at 600°C under an air 
current to obtain a carrier. 

This carrier was used to prepare a catalyst as in 
Example 1. Catalyst 3 009 containing 3.0 wt% molybdenum and 
1.0 wt% nickel was obtained. 

Exam p l e 7 

[Preparation of Catalyst 3032] 

Other than the fact the molded product after drying was 
calcined for 1 hour at 800°C under an air current, a carrier 
was prepared as in Example 6. The carrier that was obtained 
was used to prepare a catalyst as in Example 2 (catalyst 
3066). Catalyst 3 032 containing 3.0 wt% molybdenum, 1.0 wt% 
nickel, and 1.0 wt% phosphorus was obtained. 

Example 8 

[Preparation of Catalyst 3076] 

Other than the fact that a kneaded product that had been 
kneaded to a PF value of 19 mm was extruded from a round 
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opening with a diameter of 1.3 mm, a catalyst was prepared as 
in Example 2 (catalyst 3066). Catalyst 3076 containing 3.0 
wt% molybdenum, 1.0 wt% nickel and 0.6 wt% phosphorus was 
obtained. 

Example 9 

[Preparation of Catalyst 3087] 

Other than the fact that a kneaded product that had been 
kneaded to a PF value of 16 mm was extruded from a 4-lobe 
opening with a diameter of 1.7 mm, a catalyst was prepared as 
in Example 2 (catalyst 3066). Catalyst 3087 containing 3.0 
wt% molybdenum, 1.0 wt% nickel and 0.6 wt% phosphorus, 
respectively, was obtained. 

Comparative Example 1 
[Preparation of Catalyst 3043] 

Powder C consisting of commercial pseudoboehmite was 

calcined at 600°C to prepare powder I consisting of y- 

alumina. Properties of powder I were a mean particle 
diameter of 17 jum, specific surface area of 256 m 2 /g, pore 
volume of 0.70 crnVg, and median pore diameter of 10 nm. 

Other than the fact that a carrier was obtained by 
calcining powder I for 1 hour at 600°C under an air current, 
a catalyst was prepared as in Example 1 (Catalyst 3056). 
Catalyst 3043 containing 3.0 wt% molybdenum and 1.0 wt% 
nickel was obtained. 
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Comparative Example 2 
[Preparation of Catalyst 3 010] 

First, 1,589 g ion-exchanged water were added to 805 g 
powder H and 695 g powder E used in Example 6 and the mixture 
was kneaded. Then a catalyst was prepared as in Example 6 
(Catalyst 3009). Catalyst 3010 containing 3.0 wt% molybdenum 
and 1.0 wt% nickel was obtained. 

Co mpara t ive Example 3 
[Preparation of Catalyst 3093] 

First, 2,068 g ion-exchanged water and 15 g water- 
soluble cellulose ether were added to 1,500 g powder G and 
[the product] was kneaded to a PF of 25 mm. Next, a catalyst 
was prepared as in Example 2 (Catalyst 3066). Catalyst 3093 
containing 3.0 wt% molybdenum, 1.0 wt% nickel, and 0.6 wt% 
phosphorus was obtained. 

comparative Example 4 
[Preparation of Catalyst 3041] 

First, 431 g ion-exchanged water, 1,000 g aqueous nitric 
acid solution, and 255 g aqueous polyvinyl alcohol solution 
were added to 1,456 g of powder I and 44 g of powder 
consisting of commercial pseudoboehmite and the mixture was 
kneaded. Then a catalyst was prepared as in Comparative 
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Example 1 (Catalyst 3043). Catalyst 3041 containing 3.0 wt% 
molybdenum and 1.0 wt% nickel were obtained. 

Comparative Example 5 
[Preparation of Catalyst 3021] 

Powder D consisting of commercial pseudoboehmite was 

calcined at 600°C to prepare powder J consisting of y- 

alumina. The properties of this powder J were a mean 
particle diameter of 66 jum, specific surface area of 299 
mVg, pore volume of 0.92 crnVg, and median pore diameter of 
11 nm. 

Then 854 g ion-exchanged water and 752 g aqueous nitric 
acid solution were added to 1,500 g powder J and kneading was 
performed. Next, other than the fact that molding was 
performed using a plunger-type extrusion molding device, a 
catalyst was prepared as in Comparative Example 1 (Catalyst 
3043). Catalyst 3021 containing 3.0 wt% molybdenum and 1.0 
wt% nickel were obtained. 

Co m p ara t i ve Example 6 
[Preparation of Catalyst 3023] 

First, 1,381 g ion-exchanged water were added to 1,162 g 
powder J and 33 8 g powder E and kneading was performed. Then 
a catalyst was prepared as in Comparative Example 1 
(Catalyst 3043). Catalyst 3023 containing 3.0 wt% molybdenum 
and 1.0 wt% nickel was obtained. 
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Comparative Example 7 
[Preparation of Catalyst 3025] 

First, 792 g ion-exchanged water and 753 g aqueous 
nitric acid solution were added to 1,500 g powder J and 
kneading was performed. Next, other than the fact that 
molding was performed using a plunger-type extrusion molding 
device, a catalyst was prepared as in Example 1 (catalyst 
3056). Catalyst 3025 containing 5.0 wt% molybdenum and 1*5 
wt% nickel was obtained. 

Comparative Example 8 
[Catalyst HOP606] 

Commercial bimodal catalyst HOP606 (produced by Orient 
Catalyst) was used. 

Comparative Example 9 
[Preparation of Catalyst 3 069] 

Other than the fact that powder I was used in place of 
powder G, a catalyst was prepared as in Example 2 (catalyst 
3066). Catalyst 3069 containing 3.0 wt% molybdenum, 1.0 wt% 
nickel and 0.6 wt% phosphorus each was obtained. 

(2) Property evaluation of catalysts 

Specific surface area, pore volume and median pore 
diameter of the catalysts that were prepared in the above- 
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mentioned examples and comparative examples were determined 
by the above-mentioned nitrogen adsorption method. The 
determination results are shown in Table 1-A in Fig. 1. 
Moreover , the pore volume of these catalysts was determined 
using the above-mentioned mercury intrusion porosimetry 
method. The pore volume of pores with a pore diameter of 50 
nm or larger and the pore volume of pores with a pore 
diameter of 1,000 nm or larger were also determined using the 
mercury intrusion porosimetry method. The results of 
determining these pore volumes by the mercury intrusion 
porosimetry method are shown in Table 1-B in Fig. 2. 

Table 1-A also shows the shape and dimensions of the 

above-mentioned catalysts and the weight ratio of y -alumina 

to supported active component and carrier weight. Moreover, 
the results of determining the bulk density of the catalysts 
are shown in Table 1-B. Bulk density was determined using a 
determination device having a cylinder with an inner diameter 
of 28 mm and determination capacity of 100 cm 3 (SEISIN 
TAPDENSER KYT-3000). Furthermore, the type of extruder used 
in molding is shown in Table 1-B by S (screw- type extruder) 
or P (plunger-type extruder). 

Based on the results in Tables 1-A and 1-B, it is clear 
that pore volume by the nitrogen adsorption method is 0.59 
cm 3 /g or greater and median pore diameter is 8.2 nm or 
larger, while pore volume by the mercury intrusion 
porosimetry method is 0.88 crnVg or greater and pore volume 
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of pores with a pore diameter of 5 0 nm or larger determined 
by the mercury intrusion porosimetry method is 0.33 cm 3 /g or 
greater. 

(3) Evaluation of demetallizing activity of catalyst 

In order to evaluate demetallizing activity of the 
catalysts that were produced in above-mentioned examples and 
comparative examples , a hydrodemetallization reaction was 
performed under the operating conditions in the following 
Table 3 using Boscan crude oil and Ratawi residue with the 
properties shown in the following Table 2 as the starting 
oil . 

The Ratawi residue is a mixed oil of 50% normal-pressure 
residue and 50% reduced-pressure residue of Ratawi crude oil. 



Table 2 



Bo s can crude oil properties 



Ratawi residue properties 



Bulk density: 0.998 g/cm 3 



1.03 g/cm 3 



Sulfur content: 



4.98 wt% 



5.71 wt% 



Vanadium content: 1,19 7 ppm by weight 



136 ppm by 



weight 



Nickel content: 119 ppm by weight 



51 ppm by weight 



Asphalt ene content: 10.6 wt% 



11.8 wt% 
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Table 3 



Operating conditions of hydrodemetallizat ion reaction 



Amount of catalyst packed in reaction vessel: 



100 cm 



3 



Catalytic reaction vessel: 



diameter of 2.5 cm 



length of 100 cm 
Sulfurization method: dissolution of 1 wt% carbon sulfide in 
gas oil 



Liquid space velocity: 1.0 hr 1 
Hydrogen/oil ratio: 670 L/L 

Using each catalyst that had been sulfurized, reaction 
temperature was raised from 380°C to 385 and 390°C under the 
catalyst reaction conditions in Table 3 and hydroref ining was 
performed using Ratawi residue as the starting oil. Then the 
vanadium and nickel concentrations of the refined oil were 
determined. The primary demetallization reaction speed 
constant at 3 90°C was found from the vanadium and nickel 
concentrations that were determined. These values are shown 
in Table 1-B as the initial demetallizing activity. 

The increase in the amount of vanadium and nickel metals 
deposited on the catalyst and change in the demetallizing 
rate were found by switching the starting oil to Boscan crude 
oil and continuing hydroref ining at a reaction temperature of 
3 90°C with the catalysts obtained in Examples 2, 6, 7, 8, and 



H 2 purity: 9 9.9% or higher 
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9 and Comparative Examples 3, 7 , and 8. The results are 
shown in Fig. 3. The axis of ordinates in Fig. 3 shows the 
demetallizing rate and the axis of abscissas shows the amount 
of metal (g) deposited on 100 g of fresh catalyst. 

As is clear from Fig. 3, the demetallizing rate with 
initial use was approximately the same with all of the 
catalysts excluding HOP606, but there was a sudden reduction 
in the demetallizing rate with an increase in the amount of 
metal deposition and catalyst activity was lost with 
catalysts 3025 (Comparative Example 7) and 3093 (Comparative 
Example 3). In contrast to these Comparative Examples , it is 
clear that the catalysts in the examples retain their 
relatively high demetallizing activity even when the amount 
of nickel deposition increases. 

The effective amount of metal deposition was defined as 
shown below as a criterion for evaluating the amount of metal 
deposition from demetallization. The effective amount of 
metal deposition is defined by the total weight of vanadium 
and nickel deposited on the catalyst per 100 g catalyst 
weight packed in the vessel up to the time when the 
demetallizing rate dropped to 50% as a result of performing a 
reaction under conditions of a reaction temperature of 3 90°C, 
a hydrogen pressure of 140 kg/cm 2 G, a liquid space velocity 
of 1.0 hr' 1 , and a hydrogen oil ratio of 67 0 NL/NL with 
Boscan crude oil, which has an extremely high vanadium and 
nickel content. The weight of vanadium and nickel that have 
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accumulated on the catalyst is found by estimating the 
difference in the vanadium and nickel concentrations between 
the starting oil and the refined oil over time. The value of 
the effective amount of metal deposition of the catalysts 
obtained in Examples 2, 6, 7 , 8 and 9 and Comparative 
Examples 3, 7 , and 8 are shown in Fig. 3 and Table 1-B. Life 
of the catalyst can be evaluated from the value of the 
effective amount of metal deposition. That is, when compared 
to the catalysts of the Comparative Examples, the catalysts 
in the Examples are capable of long-term retention of good 
demetallizing activity, even if vanadium and nickel are 
deposited in the catalyst holes. 

Table 1-B shows the overall evaluation based on initial 
demetallizing activity and the effective amount of metal 
deposition. In the evaluation, an 0 means that both are 
high, while an X means that either is low. 

From the above-mentioned it is clear that the 
hydroref ining catalysts according to the present invention 
are superior when compared to conventional hydroref ining 
catalysts in terms of both demetallizing activity and the 
effective amount of metal deposition. 

The starting oil was temporarily switched for Ratawi 
residue when the increase in the amount of metal deposition 
and changes in the demetallizing rate were being found with 
Boscan crude oil in Examples 6 and Comparative Example 8 and 
changes in the deasphaltening rate were found. The results 
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are shown in Fig. 4. The axis of abscissas in Fig. 4 shows 
the deasphaltening percentage and the axis of abscissas shows 
the amount of metal (g) deposited by 100 g fresh catalyst. 

It is clear from Fig. 4 that the catalysts of the 
examples retain a high deasphaltening activity even when the 
amount of metal deposition increases. 

(4) Evaluation of wear rate of catalysts 

The wear rate of the catalysts in Example 2 and 
Comparative Examples 3 and 9 was found by standard testing 
methods (ASTM D4058-92). The results are shown in Table 1-B. 
Catalysts that used a powder with a pore volume of 0.75 cmVg 
or more clearly showed a low wear rate and no increase in 
differential pressure of the hydroref ining reaction vessel. 

INDUSTRIAL APPLICABILITY 
The hydroref ining catalyst of the present invention is 
ideal for demetallization treatment of heavy oil comprising 
large amounts of metal components such as nickel and 
vanadium, including reduced-pressure residue, normal-pressure 
residue, etc., because it has a high demetallizing activity 
and a high effective amount of metal deposition. Moreover, 
it is also ideal for treatment of heavy oil comprising 3 % or 
more asphaltene component. By using the method of producing 
a hydroref ining catalyst of the present invention it is 
possible to easily produce a hydroref ining catalyst with an 
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excellent demetallizing activity and effective amount 
metal deposition at a low cost. 
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